-6-(α-D-phydroxyphenylglycylamino) penicillanic acid tri-hydrate. It contains not less than 95.0 % and not more than 100.5 % of C 16 H 19 N 3 O 5 S, calculated with reference to the anhydrous substance. Oral amoxicillin is better absorbed than ampicillin and yields higher blood levels 1 . It is therefore a preferred antibiotic over ampicillin for the treatment of typhoid, bronchitis, urinary tract infection (UTI), sub acute bacterial endocarditis (SABE) and gonorrhoea. It has the antibacterial activity and is usually used in capsules, oral suspensions and intramascular (IM) or intravenous (IV) injections. Therefore these preparations are required to be sterile 2-3 . Various conventional sterilization methods such as dry heat, moist heat, filtration etc. although practiced for many years, have limitations in certain situations and hence these techniques cannot be applied universally 4 . From industrial viewpoint, sterilization of heat labile compounds by irradiation is advantageous. The radiosterilization involves the application of sufficient ionising energy emitted by radioisotope (e.g., 60 Co and 137 Cs) to render a product free of microorganisms regardless of the duration or, condition of storage (assuming of course that recontamination is prevented) 5 . Gamma rays from radioactive isotopes have good penetrating power, high sterilizing efficiency, minimum damage to irradiated materials and satisfactory production efficiency 6 . Sterilization by 60 Co gamma irradiation has proved its utility as an efficient and economic method of terminal sterilization for some pharmaceuticals in solid state.
Amoxicillin tri-hydrate (C 16 H 19 N 3 O 5 S.3H 2 O) is a white or almost white crystalline powder. Chemically, it is (6R)-6-(α-D-phydroxyphenylglycylamino) penicillanic acid tri-hydrate. It contains not less than 95.0 % and not more than 100.5 % of C 16 H 19 N 3 O 5 S, calculated with reference to the anhydrous substance. Oral amoxicillin is better absorbed than ampicillin and yields higher blood levels 1 . It is therefore a preferred antibiotic over ampicillin for the treatment of typhoid, bronchitis, urinary tract infection (UTI), sub acute bacterial endocarditis (SABE) and gonorrhoea. It has the antibacterial activity and is usually used in capsules, oral suspensions and intramascular (IM) or intravenous (IV) injections. Therefore these preparations are required to be sterile [2] [3] . Various conventional sterilization methods such as dry heat, moist heat, filtration etc. although practiced for many years, have limitations in certain situations and hence these techniques cannot be applied universally 4 . From industrial viewpoint, sterilization of heat labile compounds by irradiation is advantageous. The radiosterilization involves the application of sufficient ionising energy emitted by radioisotope (e.g., 60 Co and 137 Cs) to render a product free of microorganisms regardless of the duration or, condition of storage (assuming of course that recontamination is prevented) 5 . Gamma rays from radioactive isotopes have good penetrating power, high sterilizing efficiency, minimum damage to irradiated materials and satisfactory production efficiency 6 . Sterilization by 60 Co gamma irradiation has proved its utility as an efficient and economic method of terminal sterilization for some pharmaceuticals in solid state.
In Bangladesh, research reports on microbiological quality and radiosterilization of pharmaceutical raw material is scarce. The present study was undertaken to determine an effective radiation dose for sterilizing the antibiotic amoxicillin tri-hydrate powder and to determine its stability by observing the physical and chemical changes, if any, upon radiation at high levels.
The non-sterile amoxicillin tri-hydrate powder was supplied by a pharmaceutical industry (Renata Ltd, Bangladesh). Five grams of each sample was aseptically sealed in pre-sterilized (3.0 Mrad) polyethylene sachets and then irradiated at five different doses of 0.5, 1.0, 2.5, 5.0 and 10.0 Mrad from a 60 Co gamma irradiation source. All irradiated samples along with the control (un-irradiated sample) were stored in ambient temperature.
The total viable bacteria, coliform and fungi present in the irradiated and un-irradiated amoxicillin tri-hydrate samples were cultivated on nutrient agar (NA), MacConkey agar (MAC) and potato dextrose agar (PDA) respectively. Standard pour plate technique was employed for determining total viable counts of microorganisms 1, 7 . In case of very low microbial counts, millipore filtration technique was employed. Bacillus cereus (NTCC 10320) as test organism. Two different concentrations, high (4 μg) and low (1 μg), were prepared in sterile distilled water for both standard and test samples. Disc-diffusion method 9 was employed for the determination of antibiotic susceptibility against selected organisms using Medium A 8 . Amoxicillin tri-hydrate discs (30 μg/disc; Oxoid, USA) were used for sensitivity tests. These were sealed in polythene pouches and irradiated at different doses of gamma radiation. Some unirradiated discs were kept as control.
Iodometric method was used for the determination of radiationinduced degradation of amoxicillin tri-hydrate raw materials 8 . The potency of the samples was calculated in mg/mg or mg/mg using the standard formula for iodometric method 8 .
HPLC method was performed to test the integrity of the samples as described in the United States Pharmacopoeia 10 and the specific manual concerned 11 . The μ Bondapack C18 (3.9 x 300 nm) was used with Bonded phase (silicon) column packing. Each of the 30 ml standard and irradiated test solutions was injected in the injector and the flow rate was adjusted at 1.5 ml/min. The absorbance unit full scale (AUFS) and the chart speed (CS) were fixed at 0.5 and 0.25 cm/min, respectively. The peak width and attenuation of the chromatograph were adjusted accordingly 0.5 and 16.0, where the stop time of the system was fixed at 10 minutes. The wavelength of UV detector (λ max , model water 486) was 230 nm. The HPLC analyser (model water, millipore) was assembled with an integrator (waters, 746 data millipore) and a pump (water associates chromatography pump, Model 510) whose operating range was 5,000 psi and pressure limit was 15 ml/min. At the end of the stop time of all the samples, the printed record of the recorder was preserved. The potency of the pharmaceutical raw materials was quantified by measuring the area of a peak on a chart recorder trace. The formula for the determination of the potency was as follows:
Standard sample weight x Test sample peak area x Potency of the standard
Test sample weight x Standard sample peak area
Amoxicillin tri-hydrate samples were treated with five different doses of gamma radiation in the dry powdered state to find out the minimum effective irradiation dose for complete elimination of microbes. The results showed 0.5 Mrad to be effective minimum radiation dose to eliminate all viable bacteria with an initial load of 6.2 x 10 1 bacteria (Table 1) . Although complete elimination of microbes at this particular lot was achieved with a dose of 0.5 Mrad, it might vary from lot to lot as radiosterilization is dependent on the initial total load of microbes and the presence of radio-resistant organisms in a particular lot. Muszynski et al. 12 carried out a similar study on sterility and antibacterial activity of several antibiotics (including some penicillins and their salts, gramicidin and neomycin) using radiosterilization by gamma irradiation. Tests recommended for checking their sterility and activity were also carried out. The results proved that the penicillins, gramicidin and neomycin analysed could be sterilized by gamma irradiation with a dose of 2.5 Mrad (25 kGy) without any detrimental effect on their properties and antibacterial activity.
In the present study, remarkable change in the colour of amoxicillin tri-hydrate powder was observed upon irradiation, which was dose dependent (Table 1 ). This change in colour upon radiation might be attributed to the presence of traces of free radicals of relatively longer life and surface changes because their physicochemical parameters did not show any significant change. The pH of the irradiated sample gradually decreased from 3.8 to 3.6 with the increase in irradiation dose ( Table 1 ). The British Pharmacopoeia (BP) 13 states that a 0.2% w/v solution in water of amoxicillin tri-hydrate has a pH between 3.5 and 5.5 and the United States Pharmacopoeia (USP) 10 states that a 0.2% w/v solution of amoxicillin tri-hydrate has a pH in between 3.5 and 6.0. The present study revealed that the pH of the irradiated samples was within the range as stated by the BP and the USP.
It was observed, using agar-diffusion biopotency test, that the potency of the irradiated samples was not lost even at a dose of 10.0 Mrad. After irradiation the residual potency ranged from 95.00% to 97.11%. Similar potency result was observed in the disk-diffusion tests where the diameter of zones of inhibition of un-irradiated and irradiated amoxicillin discs was almost the similar. This indicates that even at an extreme dose (10.0 Mrad ) of gamma irradiation the potency of amoxicillin never changes.
The iodometric titration results of un-irradiated and irradiated samples were nearly similar ( Table 1 ). The residual potency ranged from 97.45% to 98.82%, which gave a preliminary indication of stability of irradiated amoxicillin tri-hydrate powder. However, as this was not a confirmatory test for the determination of degraded products, HPLC analysis was carried out to identify any degraded product of irradiated samples. It was found that the retention times and peak areas of un-irradiated and irradiated samples were nearly similar and no extra peak was observed in the irradiated powdered samples even at 10.0 Mrad. Even the potencies of irradiated samples were similar compared to the potency of the un-irradiated sample that ranged from 96.93% to 98.10% (Table 2 ). According to BP 13 , the potency of amoxicillin tri-hydrate ranges from 90.00% to 100.50%. From the iodometric and the HPLC analyses of the present study it could be concluded that the potency of irradiated amoxicillin tri-hydrate powder samples were within the pharmacopoeial limit. Sterilization dose for any pharmaceutical product is not an absolute one. This is due to level of sterility requirement of different pharmaceutical products and effect on sterilizing dose upon their clinical, physical and chemical properties of the products that often restrict or even prohibit the desired level of dose treatment 14 .
The sterility requirement may be partial or absolute depending on its usage. Once it is fixed and accepted, microbiological parameters may then be assessed for arriving at the doses of sterility. The results of biopotency, iodometric titration and the HPLC in the present study clearly indicated that the radiation induces no degradation product of amoxicillin tri-hydrate even at 10.0 Mrad dose of gamma radiation, hence this dose could be safely used to sterilize amoxicillin tri-hydrate powder in the dry state. Ionising radiation offers many advantages over the conventional methods of sterilization and has proved to be invaluable in sterilization of a wide variety of medical and pharmaceutical products [15] [16] .
Radiation sterilization of medical and pharmaceutical products is now a fully developed and profitable industry in many countries. Bangladesh has made a modest beginning in this respect in 1974.
Institute of Food and Radiation Biology (IFRB) of Bangladesh Atomic Energy Commission (BAEC) has been offering radiation sterilization services to many governmental and autonomous organizations and private pharmaceutical companies since 1981. The medical and pharmaceutical raw materials that are un-sterilized or imported un-sterilized may be foreseen for radiation sterilization treatment if found suitable by appropriate tests. There is no national code of practice for the manufacture of medical products in Bangladesh. The microbiological status of the medical products has to be surveyed from time to time. Hence, there is a great opportunity of research on radiation sterilization on different pharmaceutical product and raw materials in our country. The present study is among the very first attempts in this regard and is indispensable in the field of research on radiosterilization in Bangladesh.
